Introduction
============

Gastric subepithelial neoplasms usually present as protuberances covered by normal-appearing mucosa on endoscopy ([@b1-ol-0-0-10894]). These protuberances vary in different tumor types which include gastrointestinal stromal tumors (GISTs), lipomas, leiomyomas and liposarcomas ([@b2-ol-0-0-10894]). In western countries, subtotal gastrectomy or laparoscopic surgery is usually considered the mainstay treatment ([@b3-ol-0-0-10894]).

Recently, endoscopic submucosal dissection (ESD) has become a minimally invasive approach for gastric subepithelial lesions. The technique was first reported in 1988 for treating early gastric cancers in Japan ([@b4-ol-0-0-10894]), and now it has been widely used in Asian countries as an effective and relatively safe method for removing gastric tumors. Nonetheless, controversies still exist because this technique is also associated with high rates of resection failure, intraoperative perforation and excessive haemorrhage ([@b5-ol-0-0-10894],[@b6-ol-0-0-10894]), especially in cases of large tumors growing around the gastric cardia ([@b3-ol-0-0-10894],[@b7-ol-0-0-10894]). The gastric cardia is an anatomically narrow region in which the most proximal part of the stomach is attached to the esophagus ([@b8-ol-0-0-10894]). Due to its anatomic features, the cardia is often considered as a contraindicated area for endoscopic resections ([@b9-ol-0-0-10894]). In the routine ESD procedure, circumferential mucosal incision is initially applied, and lesion tissue will be subsequently retrieved ([@b9-ol-0-0-10894],[@b10-ol-0-0-10894]). If the tumor is large, it would be more technically difficult to finish endoscopic closure of the residual tissues, and operative time would be elongated accordingly.

Herein, we report an advanced ESD procedure which may facilitate the endoscopic resection techniques of removing large subepithelial tumors, especially for those in the gastric cardia region. We analyzed the short-term clinical outcomes to determine the feasibility of this approach.

Patients and methods
====================

### Study design and patients

The present study was performed according to the principles of the Declaration of Helsinki (1989). A prospective case series was conducted at the First Affiliated Hospital of Nanjing Medical University (Nanjing, China) from October 2015 to October 2016. Patients (3 males and 5 females) were enrolled to receive ESD using the advanced procedures if they met the following criteria: i) individuals aged 18--75 years, ii) no contracted signs for endoscopical resection, iii) gastric subepithelial tumor invades the submucosal or the muscularis propria layer, iv) the diameter of tumor ranges from 4--8 cm, and v) tumor located in the subcardia or fundus region and vi) no extra-gastrointestinal metastasis. Exclusion criteria were: i) patients with severe heart, liver and kidney dysfunction, ii) patients with abnormal coagulation function, iii) patients with tumor metastasis and iv) patients who refused endoscopic treatment. The diagnosis was established on the findings of gastroscopy and endoscopic ultrasonography (EUS). The maximum diameter of tumor and layer of tumor origin were carefully evaluated by two experienced GI endoscopists. Tumors were classified to have muscularis propria origin if they were connected with the underlying fourth layer in EUS ([@b8-ol-0-0-10894]). Patients underwent routine laboratory examinations in addition to electrocardiography and computed tomography (CT) scan before the ESD procedure. If the tumor was incompletely resected, patient would be referred to receive surgical interventions. The data of therapeutic outcomes of ESD such as the complete resection, bleeding, perforation and the operating time were analyzed.

The study was approved by the Ethics Committee of Nanjing Medical University. All enrolled patients signed an informed consent after receiving explanations of possible treatment options and potential complications regarding endoscopic treatments.

### ESD procedures

All patients were in the left-lateral position and were under general anesthesia with an intravenous injection of remifentanil (0.2 mg/h) and propofol (0.5 mg/kg). ESD was performed by two experienced endoscopists. A single-channel video endoscope was applied (Olympus GIT-H260) along with a transparent cap (Olympus D-201-12704) on the tip, providing a good view during the procedure. [Fig. 1](#f1-ol-0-0-10894){ref-type="fig"} summarizes the whole procedure of the method. The marking step was skipped in this procedure. To separate the mucosa and the tumor, a solution mixed with 0.9% saline, methylene blue and diluted epinephrine (1:10,000) was injected into the submucosal layer in position with the central, superficial mucosa area of the tumor. A hook-knife (model KD-620LR; Olympus) was directly used to make a median linear incision of the mucosa in the same position above. Next, the en bloc resection was carried out with the hook knife, or an insulated-tip knife (ITknife2 model KD-611L; Olympus) until the tumor was completely dissected: i) First, the submucosal tissues were dissected gradually from both sides of the incision; ii) next, a hook knife or an insulated-tip knife was used to carefully dissect the tumor at the bottom from its original layer. Muscular fibers or stalks were also resected to separate the tumor and the muscularis propria. If necessary, an additional submucosal injection was carried out repeatedly during the dissection procedures. Endoscopic full-thickness resection (EFR) was applied in cases where the tumor was attached tightly to the muscularis propria layer or the serosa ([@b10-ol-0-0-10894]): i) An active perforation was made around the tumor by the needle knife (KD-10Q-1, Olympus), ii) the full-thickness incision was applied by the insulated-tip (IT) knife (KD-610L, Olympus) and iii) if necessary, the forceps within the Dual-channel gastroscope were applied to prevent the tumor from dropping into the peritoneal cavity. After the tumor was dissected, the residual defect was closed using titanium endoclips (Sureclip, Micro-Tech). Hot hemostatic forceps (Olympus) were applied for hemostasis. When necessary, endoclips were used to stop bleeding. If a tension pneumoperitoneum developed due to the perforation, a 20-gauge needle was applied to make an immediate decompression of the peritoneal cavity. In general, patients were allowed liquids after 24 h of ESD. The daily use of phosgel and proton pump inhibitor were administered for two months after the procedure. The ESD related complications were recorded in all patients to evaluate the efficacy and safety of this advanced ESD method.

### Histopathology

Resected samples were immersed in 10% formalin and then embedded in the paraffin with eosin and hematoxylin staining. Histopathological characteristics including the tumor size, resection margin status and invasion depth were carefully evaluated by two distinct pathologists. The complete resection was defined as resection margins free of any tumor tissues. Immunohistochemical staining was performed in all patients. GIST was diagnosed by the positive results of SMA, c-KIT (CD117), CD34 and DOG-1. The malignancy potential of GIST was accessed on the basis of tumor size and mitotic index under the 50 high power fields (HPF). Leiomyoma was diagnosed by the positive reaction of smooth muscle actin and desmin.

### Statistical analysis

The follow-up endoscopy was performed at the 1st and 3rd month after the procedure, in order to record any ESD-related complications, tumor residue, recurrence or metastasis. Statistical analyses were conducted using SPSS 21.0 statistics software (IBM Corp.). All data were analyzed as the means with SD (standard deviation).

Results
=======

### Baseline characteristics of eligible patients

Eight consecutive patients (median age: 53.5 years; range: 22.0--78.0 years) fulfilled the entry criteria and underwent the advanced method of ESD. There were 3 males and 5 females. Three lesions were located in subcardia region and 5 were in the fundus. There was no sign of metastasis in these patients. The EUS findings showed that all tumors had a connection with the fourth EUS layer, indicating that these tumors originated from the muscularis propria.

### Outcomes of endoscopical resection

ESD using the advanced procedure was carried out successfully in all eight patients with a mean operation time of 83±13 min (range: 60--100 min). The mean tumor size was 45.6±7.5 mm (range: 40.0--65.0 mm). The en bloc resection rate was 100% in these patients, with 87.5% complete resection rates. The average numbers of forceps were 12 (range: 7--20). Although perforations occurred in 5 out of 8 patients, all of them were positive perforations by EFR technique, and all were successfully closed with endoclips. No patient presented tension pneumoperitoneum, and all patients with perforations received gastrointestinal decompression after the procedure. The estimated blood loss was 20--100 ml, and no patient required blood transfusion. None of the patients needed further gastrectomy and no other complications were recorded. [Table I](#tI-ol-0-0-10894){ref-type="table"} summarizes the baseline characteristics and the outcomes of the endoscopic resection.

### Histopathological findings

The average size of lesions were 48.5±8.0 mm (range: 40.0--66.0 mm) in diameter. Six of the patients were diagnosed as leiomyomas, and two were GI stromal tumors. No patients had lymph node metastasis. The immunohistochemistry staining revealed that the positive rates of c-KIT (CD117), CD34 and DOG-1, SMA, Desmin were 25, 25, 25, 75, 75%, respectively. One patient was at low risk of malignant potential, none was at intermediate risk and one patient was at high risk. [Table II](#tII-ol-0-0-10894){ref-type="table"} summarizes the histopathological evaluation of the resected specimens.

The median follow-up was 36 months (range: 28--54 months), and no patient developed local recurrence or distant metastasis. The average length of inpatient hospital stay was 10 days (range: 6--16 days).

Discussion
==========

Most subepithelial tumors are asymptomatic and are usually diagnosed incidentally during endoscopy. There are various types of tumors, including GIST, lipomas, leiomyomas, schwannomas and non-GIST sarcomas ([@b2-ol-0-0-10894],[@b11-ol-0-0-10894]). GISTs are the most common gastric mesenchymal neoplasms, but some might have been previously misdiagnosed as leiomyomas during endoscopical examination ([@b12-ol-0-0-10894]). Among the 8 patients in our study, 2 cases were misclassified as leiomyomas but were finally confirmed as GISTs according to histopathological results. This emphasizes the importance of immunohistochemistry staining in the final diagnosis.

Over the past decades, open surgery has been the major treatment option of removing subepithelial tumors ([@b3-ol-0-0-10894],[@b13-ol-0-0-10894],[@b14-ol-0-0-10894]), especially for those with large tumors in the subcardia region. Although surgery can provide satisfactory clinical outcomes, the proximal resection of the stomach might results in severe gastroesophageal reflux disease and stenosis, which, in the long run, reduces the quality of life among patients ([@b15-ol-0-0-10894],[@b16-ol-0-0-10894]).

Laparoscopic surgery and endoscopic resection have emerged in recent years as alternative treatments. According to the latest guidelines in Asian countries ([@b17-ol-0-0-10894],[@b18-ol-0-0-10894]), laparoscopic technique is only recommended for small GISTs (no more than 5 cm) and is associated with the possibility of abdominal metastasis ([@b19-ol-0-0-10894]). As a newly developed treatment, endoscopic resection (ER) has become a minimally invasive treatment for gastric subepithelial tumors ([@b5-ol-0-0-10894]--[@b7-ol-0-0-10894],[@b9-ol-0-0-10894]--[@b11-ol-0-0-10894]). The implementation of this technique facilitates the preservation of organ and functions in the GI tract, however, the safety and endoscopical outcomes still remain uncertain.

Due to the possibility of procedure-related complications and some technical limitations especially for tumors in the subcardia region ([@b5-ol-0-0-10894],[@b6-ol-0-0-10894],[@b20-ol-0-0-10894]) and to the anatomic feature of the cardia where the His angle is very sharp and the blood supply is abundant, it might be technically difficult to perform endoscopical treatment even for experienced endoscopists. Traditional ESD procedure includes the circumferential cutting of the mucosa surrounding the tumor followed by submucosal dissection ([@b5-ol-0-0-10894],[@b9-ol-0-0-10894],[@b10-ol-0-0-10894]). If a tumor is large, all the overlying mucosa will be removed after resection, which makes the closure of residual tissue much more difficult ([@b6-ol-0-0-10894],[@b21-ol-0-0-10894]). Moreover, formation of the scar will result in preventricular stenosis, which influences the function of the gastric cardia.

To improve the feasibility of ESD in removing large SMTs around gastric cardia, we made the following technical adjustments: firstly, different from the conventional ESD procedure, our method omitted the step of marking the outside borders of the tumor, and a saline solution was directly injected around the lesion to lift it off the muscular layer. This simplified the whole procedure and relatively reduced the operation time; secondly, instead of circumferential incision around the lesion, we initially cut along the mucosa with a median linear incision in central region of the tumor. The purpose of this step was to reserve the overlying mucosa and thus guarantee the successful closure of residual defect after tumor dissection. Furthermore, after the median linear incision of the mucosa was made in the central area of the tumor, the submucosal tissues were dissected gradually from both sides of the incision, this facilitated the exposure of the tumor and thus made the dissection easier than before.

The major advantage of our procedure was that it simplified the traditional ESD method and facilitated the application of ESD in large SMTs. In general, perforation was considered a severe ESD-related complication, which mainly restricted the application of ESD. However, with the development of endoscopic full-thickness resection (EFR) ([@b11-ol-0-0-10894],[@b22-ol-0-0-10894],[@b23-ol-0-0-10894]), the positive perforation facilitated the removal of tumors, especially for those with a deep invasion of the muscularis propria layer or even the serosa. In our study, although the perforation rate was 75%, all of them were positive perforations and tumors were successfully removed using the EFR.

The closure technique remains one of the most important steps after dissection of tumors. Endoclips are generally used in traditional EFR for small defects. If the tumor is large in size, air suction will be applied to reduce the defect ([@b24-ol-0-0-10894],[@b25-ol-0-0-10894]). Although new techniques such as the omental patch method and string suture have been used to close large defects, they are time-consuming and require greater technical skills than endoclips-assisted closure. Differently, in our method, the closure step is easily conducted by using several endoclips because we initially preserved the overlying mucosa. Neither omental patch method nor string suture is needed in our procedure, and there is no necessity to perform the 'suction-clip-suture', which dramatically simplifies the closure procedure. During the short-term follow-up, no remarkable complications were recorded in any of the patients.

In conclusion, the advanced method of ESD is a feasible and safe procedure for tumors especially for large tumors located in subcardia region. It could be applied as a novel technique for treating patient without performing open gastrectomy or any laparoscopic-assisted techniques.
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![The advanced ESD procedure. A solution mixed with 0.9% saline, methylene blue and diluted epinephrine was injected into the submucosal layer of the tumor. A hook-knife was directly used to make a median linear incision of the mucosa in the position with the central, superficial mucosa area of the tumor. The incision was made to expose the body of the tumor in the center areas. Then the en bloc resection was carried out with the insulated-tip knife until the tumor was completely dissected. After the tumor was dissected, the residual defect was closed using titanium endoclips. (A) Endoscopic view of an SMT in the subcardia region of the stomach. (B) EUS images showing a narrow connection of tumor with the fourth hypoechoic EUS layer, indicating the origin from the superficial muscularis propria. (C) A median linear incision was made into the mucosa. (D) A submucosal dissection was made to expose the SMT. (E) Endoscopic dissection of the tumor. (F) Endoscopic view of residual defect after the body of the tumor dissection. (G) The residual defect was closed using endoclips. (H) View of tumor after dissection. (I) Histopathology of the tumor suggested leiomyomas. ESD, endoscopic submucosal dissection; SMT, subepithelial tumor; EUS, endoscopic ultrasonography.](ol-18-05-5277-g00){#f1-ol-0-0-10894}

###### 

Baseline characteristics and outcomes of endoscopic resection.

  Patient sex   Age (years)   Follow-up (months)   Symptoms 0-none, 1-pain, 2-bleeding   Tumor location   Tumor size (mm)   Layer of origin   Complete resection   En bloc resection   EFR   Complications 0-none, 1-bleeding, 2-perforations   Length of hospitalization (days)
  ------------- ------------- -------------------- ------------------------------------- ---------------- ----------------- ----------------- -------------------- ------------------- ----- -------------------------------------------------- ----------------------------------
  M             22              8                  0                                     Fundus           5.0               Deep MP           Yes                  Yes                 Yes   2                                                  5
  F             51            10                   1                                     Subcardia        4.0               Superficial MP    Yes                  Yes                 No    0                                                  6
  F             44            12                   0                                     Fundus           4.0               Deep MP           No                   Yes                 Yes   2                                                  6
  F             78            12                   1                                     Fundus           4.5               Superficial MP    Yes                  Yes                 No    0                                                  6
  F             56              4                  0                                     Subcardia        4.5               Deep MP           Yes                  Yes                 No    2                                                  8
  M             64            15                   1                                     Fundus           4.0               Deep MP           Yes                  Yes                 Yes   2                                                  7
  F             64            21                   0                                     Fundus           4.0               Superficial MP    Yes                  Yes                 No    0                                                  6
  M             38            30                   0                                     Subcardia        6.5               Deep MP           Yes                  Yes                 Yes   2                                                  8

M, male; F, female; MP, muscularis propria; EFR, endoscopic full thickness resection.

###### 

Histopathological characteristics of gastric subepithelial tumors.

  Patients                    No.
  --------------------------- -----
  Size (pathology)            
    \<4.5 cm                  2
    4.5--5.5 cm               5
    \>5.5 cm                  1
  Pathological diagnosis      
    Leiomyomas                6
    GI stromal tumors         2
  Risk classification         
    Low risk                  1
    Moderate risk             0
    High risk                 1
  Immunohistochemistry data   
    CD117^+^                  2
    CD34^+^                   2
    DOG-1^+^                  2
    SMA^+^                    6
    Desmin^+^                 6
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